Abstract Nutrient-rich baby foods are required with particularly high standards of quality and safety expressed through product specifications or attributes. These foods are generally subjected to thermal processes that could involve a reduction of essential elements, as well as in the formation of potentially harmful molecules. This paper aimed at detecting the presence, in some baby foods, of compounds derived from Maillard reactions, 5-hydroxymethylfurfural (HMF) and total Maillard Reaction Products (MRPs), as well as at evaluating the hypothetical levels of HMF daily intake by infants and children fed with the tested products. Baby food samples included milk powders, lyophilized meat-based foods, powdered creams based on cereals, homogenized jarred foods based on processed cheese, fish, vegetables, and meat. As far as the healthiness of the tested foods is concerned, significant quantities of total MRPs were found. The lyophilized meat-based foods samples showed the highest levels of total MRPs. At 380 nm, all the samples exceeded the total MRPs concentration of 1000 mg/100g. The analysis revealed the presence of HMF in all the samples under study. However, none of the samples exceeded the threshold concentration of 20 mg/Kg. The highest values were recorded for the category of lyophilized meat-based foods and for a sample of homogenized veal-based food. The results for the hypothetical daily levels of HMF intake by babies showed that, for the age group over 12 months, a value of 3.6 mg was reached. The largest percentage contribution was imputable to the homogenized jarred foods based on proteins and vegetables.
Introduction
In the recent decades, the reduction of time to be dedicated to the preparation of home meals has already led to the appearance of ready-to-eat food products on the market. Also called convenience foods, fully or partially cooked when packed, they are easy to prepare, fast to heat and with a highly desirable aspect. If once the time preparation of a meal was greater than 60 minutes, nowadays, on average, 5-30 minutes may be needed [1] . Also, the foods specifically manufactured for infants and young children have had a similar evolution. Prepared baby foods and formulas, intended for use of children aged between 4 months and 3 years, provide an appealing alternative for working mothers. They are also designed to meet the nutritional needs of children: high energy input, high protein and essential amino acid requirements, specific requirements for vitamins, minerals, macro and micronutrients, appropriate lipid content and little salt.
Convenience foods, which come to our tables after undergone numerous processing steps needed to get the finished product, may contain unwanted components, sometimes simply "ugly" or bad tasting, other times potentially harmful to health. It should also be considered that certain categories of the population are more susceptible than others to the presence of such substances. Specifically, just for newborns, infants, and children in early childhood, food products must ensure high standards of safety and quality, especially with regard to the nutritional aspect [2, 3] .
The harmful contaminants that can be found more often in foods are: minerals and inorganic elements at levels higher than those required by the human body; toxins such as ochratoxin A, fumonisin B1 and B2, and aflatoxins; antibiotics used on farm animals; reaction products among food ingredients, such as aromatic heterocyclic compounds, pyrazines or acrylamides; pesticides; heavy metals such as mercury; formation of semicarbazide; bacteria due to low hygienic conditions in the processing environment or to contamination of starting materials used, such as cronobacteria which pose higher risk to children [4] [5] [6] [7] [8] [9] [10] [11] .
By cooking at more or less high temperatures, some components may be inactivated (e.g., microorganisms) or their formation can be prevented (e.g., toxins). This is why the food industry often employs processes of homogenization, heating and cooking to obtain safe and less perishable products.
At the same time, numerous reactions can occur during thermal processes leading to the loss of thermolabile substances, such as vitamins and some essential amino acids and resulting in a reduction of the nutritional value of the finished food product. In addition, also particular chemical-physical mechanisms may be triggered, such as caramelization, lipid oxidation, and Maillard reaction, which can lead to the formation of harmful compounds [12, 13] . In particular, in the Maillard reaction substances such as acrylamide, 5-hydroxymethylfurfural (HMF) and aromatic heterocyclic amines are formed. The products obtained from this reaction have multiple effects: some can be carcinogenic, others seem to be related to diabetes and Alzheimer's, whereas others instead show positive effects such as a high antioxidant and antimutagenic activity [14, 15, 16, 17, 18] .
In this paper, the potential presence of molecules derived from the Maillard reaction was verified. HMF and the total Maillard Reaction Products (MRPs) were then dosed in a number of baby food products collected from the market, not limited to milk-based infant formulas that represent the main field of analysis of the scientific literature, see for example [19, 20] . Particular attention was paid to HMF that has not to exceed certain limit levels in foods intended for young children. As a possible reference value, the HMF limit of 20 mg/kg fixed by the European Fruit Juice Association [21] was considered. A limit more stringent with respect to the only other limit in honey of 40 mg/kg [22, 23] .
Material and Methods

Sampling Collection
Samples of baby food were found in local supermarkets. 45 samples were selected as follows: -2 growing up milk powders intended for babies aged 1 to 3 years; -2 meat-based lyophilized preparations; -5 cereal-based porridges; -3 cheese-based homogenized jarred preparation; -5 fish-based homogenized jarred preparation; -4 vegetable-based homogenized jarred preparation; -24 meat-based homogenized jarred preparations.
Sampling Preparation
Protein-based Homogenized Jarred Baby Food Samples
0.5 g of the product was diluted in 10 ml of acidified distilled water (1%) and extracted for 10 minutes. The solution was centrifuged (ALC 4218 centrifuge) at 3000 rpm for 10 minutes. The solid fraction, separated from the supernatant, was then subjected to a new extraction step. The liquid phases were collected and brought to a final volume of 10 ml.
Vegetable-based Homogenized Jarred Baby
Food Samples 0.5g of the product was dissolved in 10 ml of acidified distilled water (1%) and extracted for 10 minutes. The solution was centrifuged (ALC 4218 centrifuge) at 3000 rpm for 10 minutes. The solid fraction, separated from the supernatant, was then collected and brought to a final volume of 10 ml.
Meat-based Freeze-dried Preparations,
Cereal-based Powder Creams, and Milk Powder Samples 125 ml of water were added to two aliquots of 5 g of freeze-dried meat, two aliquots of 5 g of cereal powder and two aliquots of 30 g of milk powder and each aliquot was brought to 50°C and 100°C respectively. From each solution was taken 20 g, diluted with 100 ml of water and extracted for 30 min. The sample extracts previously prepared were analyzed at room temperature at two wavelengths: 266 nm and 284 nm.
Sample ANALYSIS for Total Maillard Reaction Products Determination
The Maillard's reaction can be ideally divided into three steps: a first phase involving the formation of colorless compounds that do not absorb in the spectrum of the visible and that can be analyzed at 280 nm; a second, more advanced, step that can be monitored at 360 nm and finally a third step which leads to the formation of colored high molecular weight compounds, the melanoidin, which absorb at 420 nm [24, 25] . The extracts of the previously prepared samples were therefore analyzed at room temperature at the three different wavelengths to highlight the three reaction steps.
Equipment
All analyses were performed using a Cary 60 UV-Vis Spectrophotometer (Agilent, CA, United States).
Results and Discussion
HMF Evaluation
The results obtained show the presence of 5-hydroxymethylfurfural (HMF) in all the analyzed samples as shown in Table 1 and Table 2 . It can be noted that, as regards the foods highest in carbohydrates, the concentrations are far below the above-mentioned threshold values for fruit juices [21] .
As can be seen in Table 1 , for cereal-based porridges analyzed at 266 nm the values vary between a minimum of 1.23 mg/kg for the whole cereal sample prepared at 50°C and a maximum of 8.62 mg/Kg for the same sample prepared at 100°C. At 284 nm the minimum value of HMF was determined for the wheat semolina sample prepared at 50°C instead the HMF value is 5.90 mg/Kg, whereas the maximum was for 4 cereals porridge heated at 100°C. It is therefore evident that the recommended temperature of 50°C provides a wide margin of safety.
In Table 2 the highest values are those for the lyophilized Turkey samples prepared at 50 °C, 18.19 mg/Kg and 9.02 mg/Kg, at 266 nm and 184 nm respectively. The lowest ones instead refer to the Lamb sample 4.61 mg/Kg at 266 nm, and Plaice sample 2.56 mg/Kg at 284 nm. In general, the samples with higher levels of 5-hydroxymethylfurfural were the lyophilized meats and the meat-based homogenized Chicken and Veal. Figure 1 shows the percentage increase in the two different cooking temperatures. 
Total MRPs Evaluation
The samples analyzed at three wavelengths of 280 nm, 360 nm and 420 nm showed the presence of consistent levels of Maillard reaction products. These three wavelengths ideally represent the three stages of the Maillard reaction and the analysis carried out showed how the reaction performance is unpredictable. It is not possible, in fact, to define if more products will be formed in the first, second or third stage of the reaction. And this is in accordance with the difficulty of a clear prediction of what will be obtained from a very heterogeneous starting sample. The results obtained are listed in Table 3 and  Table 4 .
At 280 nm the total MRPs values in the first reaction phase were generally found to be higher for lyophilized meat samples: Chicken 2 with 3256 mg/100g and Veal 1 with 4267 mg/100g. At 360 nm the total MRPs values in the second reaction phase were found to be higher for: lyophilized meat in general, the Cheese sample with 5104 mg/100g, the vegetable 2 sample with 5075 mg/100g and Veal 1 sample with 6080 mg/100g. At 420 nm the total MRPs values in the third reaction stage were found to be higher for the lyophilized meat samples in general, Cheese sample with 5971 mg/100g and Veal 1 with 6921 mg/100g. The samples of cereal-based porridges creams and lyophilized meat were prepared by adding distilled water at 50°C and 100°C and then analyzed. Like for HMF analysis, in all three phases total MRPs values increased as the sample preparation temperature increased. At 280 nm the increase varied from 20.46% for Maize and Tapioca porridge to 658.06% for the 4 Cereal sample with a mean value of 187.55%, whereas the Wheat Semolina sample showed a decrease of 20.96% and the turkey-based lyophilizate of 46.43%.
At 360 nm an increase in the total MRPs values was found for the second reaction between the samples at 50°C and 100°C ranging between 9.45% of Whole Cereal porridge and 134.29% of the 4 Cereal cream with a mean value of 40.76%. Also, in this case, the lyophilized Turkey sample showed a decrease of 36.97%.
At 420 nm the increase in total MRPs for the third reaction stage between the samples at 50°C and 100°C ranged from 2.44% of Whole Cereal porridge to 87.34% of 4 Cereal prorridge with a mean value of 22.75%. Once again the lyophilized Turkey sample showed a decrease, in this case, equals to 74.39%.
As shown in Figure 2 , for 4 samples out of 7, the highest increase in total MRPs values was recorded in the first reaction phase, the one where the temperature seems to have a greater influence. In the Wheat Semolina sample, the highest increase was recorded in the second reaction phase, while in the first stage a value decrease was recorded. Lyophilized Chicken sample showed a greater increase in the third reaction stage. For the lyophilized Turkey sample, the values decreased in all three stages of the reaction with a peak in the last stage.
HMF Daily Intake Assumptions by an Infant or a Baby in Early Childhood
Sample Meal Plans According to the Child's Age
To ensure a healthy growth and development, it is necessary to provide newborns, infants, and babies in early childhood a proper feeding aimed at meeting the specific requirements for this particular age range. The baby development stage from childbirth to 24 months is the most delicate and it is divided into four phases 0-6 months, 6 months, 7-9 months, 9-12 months and 12 months up. In the first six months of life, the primary food and, if possible, the single source of nutrition, must be breast milk or, in the event of impossibility, the milk formulated specifically for this period of life. After 6 months, it is necessary to introduce new foods, by paying attention to their consistency and quality, as they have to be nutritionally adequate according to the age group. It is from 6 months of age in fact that the infants begin to develop the oral motor skills necessary for normal child development. The babies need to be provided with homemade foods freshly prepared, i.e., the same ones for the rest of the family, but appropriately cooked. If this is not feasible, pre-packaged baby foods may be used [26] . An "extreme" diet plan, based on commercial infant formulations and infant formula only, was therefore defined (Table 5) , by following, however, the appropriate dietary recommendations for specific age groups [27] , [28] .
After the age of 12 months, the baby should receive approximately 175 ml of iron-enriched cereals, 2 to 3 servings of homogenized jarred vegetables, 2 to 3 servings of homogenized jarred fruit, 2 to 3 servings of homogenized jarred meat 45 ml and about 720 ml of milk. Table 6 summarizes the mean values of HMF present in the baby food samples here analyzed. The highest values were found at 266 nm and therefore the mean values obtained at this wavelength were taken into account to estimate the highest level of HMF intake for each baby food category.
The Determined Content of HMF
It is important to note that to obtain 180 ml of milk, 30 g of powdered milk is the needed amount and to obtain 200 g of cereal, on average, 20 g of cereal powder is enough, whereas for the homogenized food products the value in ml is almost equal to that in g. For the calculations carried out, it was assumed that all cereals, including pasta and rice, were equivalent. Homogenized meat, fish or cheese baby foods were considered together under the most generic "homogenized protein-based group".
Moreover, in the hypothetical diet here considered, HMF values derived from homogenized fruit preparations were not included since these products should not have been exposed to an excessive heating from which this substance is generated. Not even the HMF's contribution from meat-based lyophilized broths, sometimes used for the preparation of cereal-based creams, was considered. In Table 7 hypothetical daily levels of 5-hydroxymethylfurfural intake by infants and babies in early childhood are listed according to the age group and along with the daily percentages derived from any food category. It is possible to see that in the stages of 6 months and 7 to 9 months, the highest contribution of HMF is derived from milk powder. From 9 months onwards as the powdered milk intake decreases, that of homogenized proteins and vegetable increases. In particular, as shown in Figure 3 , homogenized vegetables after 9 months of age represent the main source of 5-hydroxymethylfurfural. From 12 months on, in addition to vegetables, homogenized proteins represent a high source of HMF. In Cereal creams instead HMF is not so much present because they are prepared with large amounts of water relative to the powder used to obtain the final baby soup.
Conclusions
In food samples for infants and babies, HMF has always been found, even if in quantities below the limit of 20 mg/kg, along with generally high quantities (for each wavelength) of Total Maillard Reaction Products. This means that, in a hypothetical diet based just on commercial baby food products, non-negligible amounts of HMF/kg body weight would be daily taken by infants and babies. A relevant aspect considered the presence of an incomplete detoxifying system in this age group. Furthermore, these samples also showed a low antioxidant capacity and a rather high fatty acid oxidation (in the case of lipid-based foods) (data here not reported), thus confirming poor quality in products which, conversely, given the type of consumers to which they are intended, should pay particular attention to both the appropriate raw material selection and the use of adequate production processes.
